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ABSTRACT: The microbiological properties of stored freeze dried cow milk cheese and soy cheese were 
investigated. Cow milk cheese and soy milk cheese were prepared using appropriate standard procedures. The 
microbial qualities of the stored freeze dried samples were determined using standard methods as prescribed by 
Compendium of Methods for the Microbiological Examination of Foods and Bacteriological Analytical Manual. 
Data obtained were analyzed statistically to determine the effect of the packaging materials and storage duration on 
the microbial qualities of freeze dried cheese samples. Result of the microbial composition for the fresh cow milk 
and soy cheese for bacterial and fungi count are 3.00x103±0.01, 2.54x106±0.05 and 2.76x103±0.02, 2.60x106±0.10 
while the result for the freeze dried cow milk and soy cheese before storage are 2.72x103±0.02, 2.35x106±0.30 and 
2.54x103±0.03, 2.38x106±0.50. This indicates that all the packaging material types used have the ability to minimize 
the microbial growth of stored freeze dried cheese. Polythene film is recommended to be more suitable in terms of 
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The demand for dairy products in sub-Saharan Africa 
continues to increase with the overall growth rate in 
the consumption of milk and milk products being 
estimated at about 2.1% per annum. The growth in 
demand results from rapidly rising populations, 
urbanization and some increase in per capita income 
(Tofu, 2013). On the basis of population growth alone 
(about 15 million per annum) and a constant per capita 
consumption level of 27 kg the total requirement for 
dairy products would increase by 400 million kg each 
year (Tofu, 2013). An increase in per capita incomes 
would add to this demand and it is projected that total 
demand will grow at least by 4% per annum at current 
levels of production (Connor, 2003). Non-dairy 
ingredients find a critical role in synergy of dairy foods 
to enhance nutritional profile at the same time 
influencing the cost of the resultant product. Dramatic 
increases in the cost of milk have sent prices of milk 
ingredients skyrocketing – threatening the profitability 
of dairy and other food products (Bimbenet, 2008). In 
spite of remarkable increase in milk production, the 
milk and milk products are out of reach of the 
vulnerable groups of weaker section of society due to 
its high cost. This calls for development of low cost 
and healthy substitute for milk and milk products 
(Tofu, 2013). The search for a new and 
unconventional source of protein, carbohydrates, fat, 
vitamins, minerals and other health beneficial 
ingredients to meet the requirement of the ever-
expanding population is the dire need of the present 
day (Belewu, 2007).  
 
The presence of soy milk in the market as an alternate 
to cow’s milk is well established, the production 
process and preservation of these products is not well 
advanced which is responsible for its rapid 
deterioration. Food processing has inevitable 
consequences on the nutritional value of the food 
(Brennan and Day, 2006). It must be stressed that for 
the selective few that are able to afford animal milk, 
there is always an increasing concern about its fat and 
cholesterol contents. This factor has made vegetable 
milk to become an alternative source of milk. Soy 
cheese (a product from soymilk) accords advantages 
in terms of nutrition and health, since it contains no 
cholesterol or lactose and only small quantities of 
saturated fatty acids; in addition to its advantage of 
low cost. The basic reason for purposely processing 
milk into cheese is to preserve a perishable food and 
to convert it into a stable and storable product. It also 
expands the variety of food (Fabiyi, 2006). 
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Cheese is perishable; it deteriorates few days after 
preparation. This is due to the high moisture contents 
and their inability to maintain their stable state. 
Keeping of cheese in stable form, with the ability to 
retain its actual nutrient, flavour, taste and colour as 
when prepared has remained a problem yet unsolved 
(Bonazzi, 2003).  Soy cheese and cow milk cheese are 
commonly preserved in Nigeria by deep frying 
method. This process of frying under high heat and 
temperature affects the nutritional value of the cheese 
and also increase the calories contained in the cheese 
(Wang et al, 2012). Soy cheese and cow milk cheese 
get spoilt or rancid after some days; therefore there is 
a need to extend the shelf life by destroying or 
inhibiting micro-organisms and slowing down enzyme 
activity through freeze drying method. One of the 
ways by which cheese can be preserved is by freeze 
drying method, and this method can transform the 
cheeses into forms that have longer shelf life rather 
than keeping them in fresh forms which are perishable 
(Osho and Dashiell, 1998). Because of the absence of 
liquid water and the low temperature (approx. 20°C) 
used during freeze drying operation, most of 
deterioration and microbiological reaction are 
stopped. In freeze dried products shrinkages are 
eliminated, minimum loss of flavour, aroma, vitamins, 
and near-perfect preservation results are obtained. 
Freeze drying of cheese will reduce the moisture to a 
level which will prolong its shelf life during storage, 
reduce colonization by microorganisms.  The 
processing and packaging of soy cheese and cow milk 
cheese into forms that will reduce weight, volume, 
spoilage, enhance portability and extend shelf life will 
help to increase its availability all year round. The 
portability and availability of packaged soy cheese and 
cow milk cheese will increase its utilization, thereby 
enhancing the income of the farmers and producers. 
The objective of this work is to determine the 
microbiological properties of stored freeze dried cow 
milk cheese and soy cheese. 
 
MATERIALS AND METHODS 
One thousand five hundred grams (1500g) of soy 
beans and three litres (3l) of fresh cow milk was 
purchased at Kure Market Minna Niger State. Soy 
cheese and cow milk cheese used for this study was 
produced in the Crop Processing and Storage 
Laboratory of the Department of Agricultural and 
Bioresources Engineering, Federal University of 
Technology, Minna, Niger State, Nigeria. 
 
Reagents and Instruments: The reagents used for this 
research study are distilled water, boric acid, mixed 
indicator, n-hexane, and potassium hydroxide. The 
instrument used for this research study are sealing 
machine, petri-dishes, plate count jar, syringe, 
inoculation loop, agar plate and  pre-sterilized 
container. 
 
Methodology: The methodology used in processing 
the fresh whole milk in the production of cow milk 
cheese was prescribed by Amano (2013). The milk 
was kept to settle for about one hour then the top layer 
was skimmed off (high fat milk or cream) to reduce 
the fat content of the milk. The milk was heated to 
about 72°C to destroy most of the bacteria present and 
also to increase yield through precipitation of the whey 
proteins (Adetunji et al 2008), Lemon juice was used 
as coagulant which was diluted with an equal quantity 
of clean fresh water so that the lemon juice can be 
distributed uniformly. About 30 ml of lemon juice per 
litre of milk was added and stirred carefully. 
 
The curd precipitated almost immediately while 
stirring continued for about three minutes after adding 
the lemon juice and then the curd was allowed to settle. 
The curd was separated from the whey by draining 
through a muslin (cheese) cloth. While draining the 
whey, the curd was stirred to prevent excess matting 
(Adetunji et al., 2008). The curd was transferred to a 
container lined with muslin cloth. The curd was 
wrapped with the muslin cloth and a wooden follower 
was fitted neatly inside the mould to enable the curd to 
be pressed (Adetunji and Babalobi, 2012). The curd 
was pressed by placing metal weights on top. The 
cheese was removed from the mould and then cut into 
sizes of 2x3cm dimension and thickness of 0.2cm. It 
was taken to the laboratory and freeze dried. The 
freeze dried samples were then packaged in the 
different packaging materials for further analysis.  
 
The soy cheese production from soy beans was carried 
out as prescribed by Connor, 2003. About 1000g of 
properly cleaned soy beans was soaked in water for 
10-12 hours after which the soybeans was dehulled, 
grinded and then mixed with water. A sieve was used 
to separate the milk from the chaff in the mixture. The 
milk was pasteurized and allowed to cool while the 
coagulant was added to the milk to form curd. The 
curd was wrapped with the muslin cloth and pressed in 
a mould to remove the water present in the curd (Tofu, 
2013). The hardened cheese was then cut into sizes of 
2x3cm dimension and thickness of 0.2cm. The soy 
cheese was then taken to the laboratory and freeze 
dried. The freeze dried samples were then packaged in 
the packaging materials (Sterile tightly covered glass 
jar, sterile tightly covered plastic container and sterile 
polythene film) for microbiological properties 
analysis. 
 
Experimental set up: The freshly prepared cow milk 
and soy milk cheese were cut into their various sizes 
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which are produced from fresh cow milk and soybeans 
with lemon juice used as the coagulant. The cut cow 
milk cheese was divided into 6 portions of 100g each 
while the cut soy cheese was also divided into 6 
portions of 100g each. With the initial properties of 
fresh cow milk cheese and soy cheese determined. The 
samples were freeze dried in the lyophilizer for 3hours 
at -280C with the compressor on, immediately after 
freezing; the freeze samples were subjected to low 
pressure with the vacuum switched on alongside with 
the compressor to start drying. During the drying 
process, water was seen boiling off or subliming from 
all the freeze cheeses at a lower pressure of 14 pascal 
and this was done for six hours for ten days. The 
microbial properties of the freeze dried samples were 
determined and 100g of each sample were packaged in 
sterile tightly covered glass jar, sterile tightly covered 
plastic container and sterile polythene film while the 
samples left were the unpackaged samples which 
serves as the control sample. The experiment was 
carried out using a randomized block design of 3 
packaging types and 3 months storage duration at 3 
replicates (3x3x3=27) for the cow milk and soy milk 
cheese samples. Samples were analyzed for their 
microbial qualities monthly during the storage period. 
Data obtained were analyzed statistically to determine 
the effect of the packaging materials and storage 
durations on the microbial properties of freeze dried 
cheese samples. 
 
Microbial Qualities Determination: The microbial 
qualities of the fresh and freeze dried samples of cow 
milk and soy cheese were determined using standard 
methods as prescribed by Compendium of Methods 
for the Microbiological Examination of Foods, 2000 
and Bacteriological Analytical Manual, 2002. 
 
Determination of Bacteria Count in Cheese: For each 
dilution to be plated, aseptically 1ml sample 
suspension was transferred to 3 plates of Baird-parker 
agar, distributing 1ml of inoculum equitably to 3 
plates. Inoculum was spread over the surface of the 
agar plate using sterile bent glass streaking rod. The 
plates are kept in upright position until inoculum was 
absorbed by agar (about 10minutes) on properly dried 
plates. The plates were inverted and incubated for 
45hours at 350C. Plates containing 20-200 colonies 
were selected. Colonies with typical appearance of 
bacterial are circular, smooth, convex, moist, 2-3mm 
in diameter on uncrowded plates, gray (jet black) 
frequently with light coloured (off white) margin. 
Colonies have gummy consistency when touched with 
inoculating needle. 
 
Determination of Fungi Count in Cheese: The sample 
dilution containing fungi was placed in a kjeldahl 
flask. An alcoholic solution was used as indicator. 
Sufficient water was added to bring the total volume 
to 100cc. The flask was connected to the condenser 
and the suction started. The mixture was brought to 
boiling and then the MNO2 was added but only after 
the vapours are condensing in the reflux condenser. 
The oxidizing agent was added drop by drop at a rate 
of not more than 1 per second until an excess has 
accumulated in the flask. When colloidal MNO2 was 
used, an actual excess was present for at least 
10minutes. The addition of the oxidizing agent was up 
to 10minutes. This excess in turn was removed by one 
drop of 0.1N of thiosulphate solution. The end point 
was finally adjusted with the dilute iodine solution in 
such a manner that one drop of this dilute iodine 
solution produces a clearly discernable change, but not 
a deep blue in the colourless solution. 
 
Statistical Analysis: All experiments were carried out 
in three replicate. Data obtained was analyzed 
statistically using SPSS 20.0 statistical package to 
determine the analysis of variance (ANOVA) and the 
Duncan multiple range test to separate the means. The 
packaged soy milk and cow milk cheese used for the 
experiment are as shown in Plate 1: 
 
 
Plate 1:  Samples of packaged freeze dried cow milk and soy 
cheese samples 
 
RESULTS AND DISCUSSION 
The microbial composition of stored freeze dried cow 
milk cheese: The results of the effect of freezing 
drying and storage duration on the microbial 
composition of freeze dried cow milk cheese and the 
ANOVA are presented in Table 1 and 2 while 
microbial composition of freeze dried soy cheese and 
the ANOVA are presented in Table 3 and 4. 
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Table 1: Effect of freeze drying on the microbial composition of packaged freeze dried cow milk cheese 
Sample Storage Duration 
(Months) 
Bacteria (CFU/g) Fungi (CFU/g) 
Fresh Cow milk Cheese 












































Value followed by same superscript alphabet are not significantly different at (P<0.05) along the column. Values are Mean ± SEM of 
triplicate determination. 
 
Table 2: Anova of the microbial composition of freeze dried cow milk cheese
 
Table 3: Effect of freeze drying on the microbial composition of packaged freeze dried soy cheese 





Fresh Soy Cheese 

















































Value followed by same superscript alphabet are not significantly different at (P<0.05) along the      column. Values are Mean ± SEM of 
triplicate determination. 
 
Table 4: ANOVA of the microbial composition of freeze dried soy cheese 
 
 
Effect of packaging materials and storage duration on 
the bacteria count of stored freeze dried cheese 
samples: The bacteria content observed in dairy 
products have been implicated in the spoilage of milk 
and its products (Gummalla and Hughes, 2004). 
Statistical analysis showed that freeze drying had 
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significant effects (P<0.05) on the decrease in bacteria 
count in the freeze dried cheese samples (Table 2 and 
4). The rather substantial decrease of bacteria count 
during freeze drying (Table 1 and 3) may be due to the 
rapid reduction in moisture content and the increase in 
temperature during freeze drying causing a 
deterioration of the bacterial count. The decrease in the 
bacteria counts of the freeze dried samples indicates a 
longer shelf life and minimum contamination. The 
bacteria count of the stored cheeses after the third 
month are 2.77 x 103, 2.80 x 103 and 2.83 x 103 for 
samples in packaged in glass jar, plastic jar and 
polyethylene respectively. This result indicates that 
according to the current guidelines for microbiological 
quality of milk and dairy products (FAO/WHO, 2002), 
all the packaged cheeses are consumable while the 
unpackaged (control sample) with 39.32 x 106 is not 
consumable. However, there was no significant 
difference in the bacterial count of the stored cheese 
samples during the storage period. The type of 
packaging materials used and storage duration has no 
significant effect on the bacteria count of the stored 
cheese samples. The bacteria count of the unpackaged 
samples (control sample) increased significantly over 
the period of storage. Therefore, it is no more 
acceptable for consumption. 
 
Effect of packaging materials and storage duration on 
the fungi count of stored freeze dried cheese samples: 
The fungi are a major spoilage organism of foods 
(Cogan, 2000). Statistical analysis shows that freeze 
drying had significant effect (P<0.05) on the decrease 
in fungi count in the freeze dried cheese samples 
(Table 2 and 4). The rather substantial decrease of 
fungi count during freeze drying may be due to the 
rapid reduction in moisture content and the increase in 
temperature during freeze drying causing a 
deterioration of the fungi count. The bacteria count of 
the stored cheeses after the third month are 2.60 x 103, 
2.63 x 103 and 2.68 x 103 for samples in packaged in 
glass jar, plastic jar and polyethylene respectively. 
This result indicates that according to the current 
guidelines for microbiological quality of milk and 
dairy products (FAO/WHO, 2002), all the packaged 
cheeses are consumable while the unpackaged (control 
sample) with 40.16 x 106 is not consumable. The 
decrease in the fungi count in the freeze dried samples 
indicate a longer shelf life and minimum 
contamination. However, there was no significant 
difference in the fungi count of the stored cheese 
samples during the storage period (Table 1 and 3). 
Hence, the type of packaging materials used and 
storage duration has no significant effect on the fungi 
count of the stored cheese samples. The fungi count of 
the unpackaged samples (control sample) increased 
significantly over the period of storage. It is therefore 
not acceptable for consumption. 
 
Conclusion: The bacterial and fungi count decreased 
significantly when freeze dried. Statistically, there was 
no significant difference in the microbial qualities of 
the stored cheese samples during the storage period 
irrespective of the packaging material used. This 
indicates that all the packaging materials used have the 
ability to minimize the microbial growth of stored 
freeze dried cheese. Polythene film is recommended to 
be more suitable in terms of cost, availability, 
compactibility and weight. 
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